Objective Although colorectal cancer (CRC) is one of the most frequent malignancies in Japan, the associated genetic factors remain to be elucidated. Functional loss of the transporter associated with antigen processing (TAP) 1 gene induces carcinogenesis. We investigated whether single nucleotide polymorphisms (SNPs) in the TAP1 gene (rs735883) are associated with susceptibility to CRC in a Japanese population. Methods The study participants were 143 cases and 243 clinical controls. After extracting DNA from their peripheral blood cells, genotyping was conducted by the polymerase chain reaction-restriction fragment length polymorphism method. Results Participants with a mutated allele had an increased risk for CRC. The adjusted odds ratios for the C/T, T/T, and the mutation type (C/T ? T/T) compared to that of wild type (C/C) were 2.27 [95 % confidence interval (CI), 1.43-3.67], 1.95 (95 % CI, and 2.22 (95 % CI,, respectively. Furthermore, a significant trend in the rate of cases was observed with an increasing number of mutated alleles (P for trend = 0.0068). Conclusions The genotype of the TAP1 gene is associated with susceptibility to CRC.
Introduction
According to a report by the International Agency for Research on Cancer (IARC), colorectal cancer (CRC) is one of the most lethal malignant neoplasms worldwide despite the decreasing mortality and incidence of CRC in developed countries. The age-standardized incidence and mortality due to CRC per 100,000 are 17.2 and 8.2, respectively [1] . In Japan, the age-standardized incidence of CRC, which accounts for 16.5 % of all malignant neoplasms, is the third highest among all kinds of cancer. The age-standardized mortality of CRC is 14.8 in men and 8.4 in women [2] .
CRC carcinogenesis is a complex and multifactorial process. As is often true with malignancies, the development of CRC is the result of interactions between environmental and genetic factors. Many epidemiological studies have confirmed the effects of environmental factors. A diet containing red or processed meats can markedly increase the risk of CRC [3] . Heavy alcohol intake and smoking are also associated with CRC prognosis [4] . As a consequence, the IARC reported that diet, exercise, and obesity are associated with CRC carcinogenesis. In contrast, genetic factors are also associated with susceptibility to CRC. Gender differences have been reported in both age-standardized incidence and mortality of CRC [1] . A personal or familial history of specific diseases (e.g., a personal history of chronic inflammatory bowel disease and a familial or personal history of adenomatous polyps) has also been considered a risk factor for CRC [4] [5] [6] [7] [8] [9] . Although the biological mechanisms underlying the carcinogenesis of CRC are not fully understood, one of the proposed mechanisms is immune escape, which allows tumor cells to escape from immune surveillance.
The transporter associated with antigen processing (TAP) protein, a heterodimer of TAP1 and TAP2 belonging to the major histocompatibility complex (MHC) class I, is responsible for immune escape [10, 11] . TAP translocates antigen peptides from the cytosol to the endoplasmic reticulum (ER) lumen and helps MHC class I molecules bind to antigen peptides [12, 13] . Several TAP1 gene polymorphisms have been identified, and antigen processing ability has been evaluated in many studies. Some of the polymorphisms were found to decrease the efficacy of antigen processing [14] . Recent studies have suggested that TAP1 gene polymorphisms may increase the risk for vitiligo [15] , nasopharyngeal carcinoma [16] , and CRC via downregulation of MHC class I molecules [17] . However, few epidemiological studies have focused on the TAP1 gene polymorphisms (rs735883). In this case-control study, we investigated the association of the TAP1 genotype with susceptibility to CRC in relation to gender and smoking status.
Materials and methods

Study participants
A total of 143 Japanese CRC cases and 243 Japanese noncancer clinical controls were recruited. The cases were consecutive patients treated at the University of Miyazaki (UOM) Hospital and the University of Occupational and Environmental Health (UOEH) Hospital in Japan from September 1992 to December 2006. The controls were recruited from patients suffering from non-cancerous diseases in the hospitals near UOEH Hospital between September 1996 and September 2001. All cases were histologically diagnosed with CRC including ascending, transverse, and descending colon cancer as well as rectal cancer. The subjects' history of illness, residence, occupation, and smoking status were examined by a self-questionnaire. No patients who had been exposed to carcinogens, heavy metals, or radiation in their occupational history were included. All subjects were classified into two groups according to smoking status: the ''never'' group, composed of non-smokers; and the ''smoker'' group, composed of both current smokers and ex-smokers. All cases and controls were given an explanation of the nature of the study, and written informed consent was obtained from all participants. The Ethical Committee of UOM approved this study procedure on December 7, 2005 (approval number: 239).
Polymerase chain reaction (PCR) amplification and genotyping Genomic DNA was extracted from peripheral blood lymphocytes with a DNA Extractor WB Kit (Wako Pure Chemical Industries, Osaka, Japan) according to the manufacturer's protocol. The single nucleotide polymorphisms (SNPs) (rs735883) are located on the intron 7 region of the TAP1 gene, and the analysis of this SNP was carried out using a PCR-restriction fragment length polymorphism (PCR-RFLP) assay, as described previously [15] . Briefly, samples were subjected to 35 cycles of 30 s denaturing at 95°C, 30 s annealing at 55°C, and 30 s extension at 72°C, followed by a 5 min final extension with PCR primers 5 0 -GTGCTCTCACGTTCCAAGGA-3 0 and 5 0 -AGGAGTAGAGATAGAAGAACC-3 0 . Subsequently, a 183 bp PCR product was digested with the MspI restriction enzyme and the restriction fragments were separated by agarose gel electrophoresis in TAE buffer. The wild-type C allele was digested into fragments of 161 and 22 bp, and the mutated type T allele was not digested.
Statistical analysis
Results are presented as mean ± standard deviation (SD) for continuous variables. Pearson's Chi square tests were used for a categorical comparison of the data and for evaluating the probability of Hardy-Weinberg equilibrium. The prevalence of each genotype was examined with the Cochran-Armitage trend test. Welch's two-sample t tests were used for numerical comparisons. Multivariate analysis was conducted using a multiple logistic regression model after adjusting for age, gender, or smoking status. A P value \0.05 (two-tailed) was considered significant. Smoking status is associated with increasing risk of CRC [18] , and there are many more male smokers than female smokers among the Japanese population. As gender and smoking status could be confounding factors, stratified analyses by gender and smoking status were conducted to exclude the effect of each factor. Power analysis was performed to determine the statistical power of Chi square tests. All statistical analyses were performed using R ver. 2.15.1.
Results
The general characteristics of the cases and the controls are shown in Table 1 . The mean age (±SD) was 65.8 (±16.6) years for the controls and 63.9 (±10.9) years for the cases (P = 0.18). The frequencies of gender and smoking status were not significantly different between the cases and the controls (P = 0.12, 0.18, respectively). No significant difference was observed between the cases and the controls in terms of age, gender, and smoking status. The frequencies of the TAP1 genotypes are shown in Table 2 . The allele frequencies in the cases were allele C: 0.58 and allele T: 0.42, and allele C: 0.67 and allele T: 0.33 in the controls. The odds ratio (OR) for allele T compared to allele C was 1.47 [95 % confidence interval (CI), 1.08-1.98, P = 0.013]. The observed frequencies of the TAP1 allele in the controls were consistent with the allele frequencies in Japanese. Hardy-Weinberg equilibrium was confirmed for the TAP1 genotype in the controls (P = 0.31). The adjusted ORs for the C/T and T/T genotypes compared to the C/C genotype were estimated to be 2.27 (95 % CI, 1.43-3.67) and 1.95 (95 % CI, 0.88-4.30), respectively. Furthermore, that for the mutation type (C/T ? T/T) was 2.22 (95 % CI, 1.42-3.55). Although a significant difference was not observed in the T/T genotype, a significant trend on the rate of the cases was observed (P for trend = 0.0068).
The results of the stratified analysis by smoking status are shown in Table 3 . In the ''never'' group, the adjusted ORs were estimated to be 1.94 (95 % CI, 1.02-3.75) for the C/T genotype and 2.04 (95 % CI, 0.62-6.58) for the T/T compared to the C/C genotype. Those in the ''smoker'' group were calculated to be 2.84 (95 % CI, 1.43-5.92) for C/T and 1.98 (95 % CI 0.64-5.83) for T/T. For the mutated type (C/T ? T/T), the ORs were 1.95 (95 % CI 1.05-3.72) in the ''never'' group and 2.69 (95 % CI, 1.37-5.51) in the ''smoker'' group, respectively. The P for the trend was 0.079 in the ''never'' group and 0.027 in the ''smoker'' group.
The results of the analysis stratified by gender are shown in Table 4 . In the male group, the adjusted ORs were estimated to be 2.04 (95 % CI, 1.11-3.84) for the C/T genotype and 2.38 (95 % CI, 0.86-6.61) for the T/T genotype compared to the C/C genotype. The ORs for the C/T and T/T were 2.91 (95 % CI, 1.40-6.32) and 1.45 (95 % CI, 0.36-5.10), respectively, in the female group. For the mutated type, the ORs were 2.09 (95 % CI, 1.15-3.87) in the male group and 2.63 (95 % CI, 1.29-5.62) in the female group. P for the trend was 0.065 in the male group and 0.052 in the female group.
Discussion
A significant association was observed between the TAP1 genotype and CRC (C/C vs. C/T ? T/T, adjusted OR, 2.22, P \ 0.01). Although the C/T genotype was significantly associated with CRC (adjusted OR, 2.27, P \ 0.01), a significant association was not observed for the T/T genotype (adjusted OR, 1.95, P = 0.093). Stratified analyses were conducted to exclude the effects of gender and smoking status, (Tables 3 and 4 ) and a significant association was observed between the TAP1 genotype and CRC.
However, a significant association with CRC was observed only in the C/T genotype, not in the T/T genotype. It is likely that there were not enough participants to ensure the statistical power to detect an association between the T/T genotype and CRC. The statistical power of the Chi square test between the C/C and T/T genotypes was calculated to be 0.31, although it was recommended to be larger than 0.8 [19, 20] . In contrast, the statistical powers of the Chi square test among all genotypes (C/C, C/T, and T/T), and between the C/C and C/T genotypes, were estimated to be 0.92 and 0.92, respectively. It is possible that the T/T genotype shows a stronger immunity than the C/T genotype and thus immune escape occurs less often in that genotype. Recent studies on TAP1-deficient mice indicate the existence of a compensatory mechanism. CD8? T cells have been reported to play an important role in tumor surveillance by the immune system [21, 22] . Although the population of CD8? T cells was diminished in the TAP1-deficient mice, compensatory increases in CD3? and CD4? T cell populations were observed [23] . Furthermore, the TAP1-independent pathway compensates for antigen processing and CD8? T cells functioned normally even in the TAP1-deficient mice in vivo [24] . It is likely that some compensatory function would work only in the case of the T/T genotype as the functional deficit of the C/T genotype in the TAP1 gene might not be enough to drive a compensating network. As a result, the immune escape of tumor cells could more likely be tolerated by the C/T genotype. The TAP protein plays an important role in antigen presentation mediated by MHC class I and this process is considered essential for immune surveillance against tumors and pathogens. The impairment of TAP function in tumor cells that induces loss of downregulation of class I molecules on the cell surface is considered one of the main mechanisms of immune escape in a variety of tumors [13, [25] [26] [27] [28] [29] [30] [31] . Furthermore, TAP1 gene polymorphisms lead to the loss of MHC class I antigen processing ability [32] . The TAP gene is also considered a member of the ATP-binding cassette superfamily, which is associated with membrane transportation of solutes such as ions. Molecules belonging to the ATP-binding cassette family have nucleotide-binding domains and interact with other molecules involved in genetic events, such as chromosome maintenance and DNA repair [33] [34] [35] . Our results indicate that the polymorphisms (rs735883) located on the intron 7 of the TAP1 gene were associated with CRC but the functional mechanism remains to be elucidated. One likely mechanism is exon skipping. According to a previous study, the SNP located on the intron could cause exon skipping and aberrant RNA splicing [36] . Furthermore, the E2F8 binding motif (TTTGCCGC) is located on intron 7 in the TAP1 gene. E2F8 is a transcription factor that belongs to the E2F superfamily and regulates the expression of genes related to the cell cycle and apoptosis [37] . In the case of the T allele, the cytosine at the 3 0 end is substituted to thymine and the aberrant binding site (TTTGCCGT) is generated. E2Fs generally bind to the binding site located on the promoter region or intron 1 [38] but it may be that the efficacy of splicing is affected by decreasing frequencies of E2F8 binding to the aberrant binding site. Further study is essential to clarify the functional mechanism that associates the polymorphisms (rs735883) with CRC.
The adjusted OR of the alcohol dehydrogenase enzyme (ADH2) gene was 1.92 (95 % CI, 1.06-3.46) in a Japanese population [39] . Another study reported that the adjusted OR of the RAD18 gene, which is associated with DNA repair, was 2.10 (95 % CI, 1.00-4.40) [40] . An increased number of SNPs associated with CRC were identified recently in a genome-wide association study [41] [42] [43] . It is likely that a genetic difference may not be observed when exposure to a carcinogen is great [44, 45] . In fact, the differences among genotypes are easily observed in non- [46, 47] . In the present study, a significant difference was observed in the C/T genotype and the mutation type (C/T ? T/T) despite stratification by smoking status. Thus, the TAP1 genotype was strongly associated with susceptibility to CRC. As the adjusted ORs for the C/T genotype and the mutation type (C/T ? T/T) were larger in the ''smoker'' group than in the ''never'' group, it is possible that the TAP1 gene polymorphism interacts with smoking status. The interaction between the TAP1 genotype and smoking status was introduced into a logistic regression model. However, the interaction was not significant. Similarly, the adjusted ORs for the C/T genotype and the mutation type (C/T ? T/T) were larger in the female group than in the male group although the TAP1 gene is located not on the sex chromosomes but on chromosome 6. Although the interaction between the TAP1 genotype and gender was also introduced into a logistic regression model, it was not statistically significant either.
One of the limitations of our study was smoking status. The percentage of ''smokers'' (46.9 %) was less than that of controls (53.9 %) although it was not a significant difference. The rate of cigarette smoking decreases every year in Japan. The rate among males of age 60-69 years was 48.1 % in 1992 and 34.8 % in 2006. Higher rates may be found in certain regions. It is likely that there were fewer smokers in the present study because the recruitment period was longer for the cases than for the controls. It is also possible that the exact information about smoking status was not acquired for the cases. To adjust and exclude the effects of smoking, we conducted a logistic regression model analysis and a stratification analysis. The other limitation of our study was the diagnostic accuracy. The period for recruitment was 14 years, and the diagnostic accuracy is likely to have changed with marked improvements in medical examinations. Hence, the potential cases that were not diagnosed at that time might be included in the controls. However, CRC screening by the local authority began in 1992, at which point recruitment of cases also started. Furthermore, the controls were not healthy controls but clinical controls in our study. This limitation had less of an impact on the results of our study.
A significant association was found between the TAP1 gene polymorphisms (rs735883) and CRC. This suggests that those with the risk allele (T) have a higher susceptibility to CRC. In order to promote the high risk approach against the onset of CRC, additional studies of the association between rs735883 and other SNPs and between rs735883 and other carcinogens are required.
